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INTRODUCTION
Trace elem ents, as essential com ponents of num erous m etabolically active com pounds in the organism , play and active p a rt in regulation of indirect m etabolism . The p articipation of elem ents in the biological processes necessary to life results from th eir basic action on cell activity (M augh, 1973; D avies, 1977) , the m ost im p o rtan t function of elem ents being th eir activ ity in the m ajo rity of enzym atic system s. A ctivator elem ents are im p o rta n t for the whole of m etabolic processes and also inhibitors of d iffe re n t processes. It m ust be em phasised th a t interactions tak e place betw een trace elem ents, in consequence of w hich it is not alw ays possible to distinguish betw een th eir functions. Hence inform ation on the occurrence at the sam e tim e of the greatest possible num ber of elem ents in living organism s is of im portance.
Even though the am ount of inform ation on the effect on organism s of deficiency or presence of d ifferen t trace elem ents (see U nderw ood, 1971) is abund ant, it has still proved im possible ex actly to establish th e contents of these elem ents in organs and organic fluids in anim als, w hich could then serve as a criterio n w hen defining the anim als' req u irem en ts for d ifferent trace elem ents.
The bank vole, Clethrionomys glareolus (Schreber, 1780) is generally regarded as an in terestin g object of research, on account of the wide range of its occurrence and the relativ ely w ell-docum ented biology of this species of sm all m am m al. D uring the first m onth of life bank voles are characterized by v ery intensive increase in body w eight and rapid developm ent of physiological functions, so th a t a t the age of four weeks young individuals are com pletely read y for an independent w ay of life (Sviridenko, 1959) . The ra te of postnatal developm ent depends, how ever, on the season in w hich the young anim als are born. Individuals from differen t seasonal generations differ from each other as to th e ra te at w hich th ey a tta in sexual m atu rity , fecundity and ecological length of life.
In order to analyze physiological differences in ra te of grow th and developm ent in voles of d ifferent seasonal generations it was decided to exam ine the contents of trace elem ents in m etabolically active organs from voles of the spring and au tu m n generations during the first two m onths of th eir lives. On account of the varied role of elem ents in m etabolic processes a search was m ade for an index w hich would reflect the sim ul taneous action of a large num ber of elem ents. The oxidation-reduction activity of organs, tre a te d as the re su lta n t of the action of diverse m etabolically active substances, differing as to the degree in w hich they w ere engaged in oxidation-reduction processes taking place in vole organs during the p o stnatal developm ent of these anim als, was taken as this index.
M A TERIAL AND METHODS
A d u lt sex u ally m a tu re voles tre a te d as the p a re n t g en eratio n , w ere caught in th e B iałow ieża N ational P a rk in th e spring and a u tu m n of 1975 and 1976. The anim als w ere k ep t in ca p tiv ity in th e M am m als R esearch In s titu te of th e Polish A cadem y of Sciences a t Białow ieża u n til progeny w ere o b tained (10-40 days). T he firs t g en eratio n of th e se voles used for th e stu d ies w ere ta k e n from th e ir m others 20 days a f te r b irth and each in d iv id u al w as k ep t se p a ra te ly . T he voles w ere fed on oat grains, beet and carrot, and provided w ith w a te r ad libitum .
Voles b o rn d u rin g th e period from A pril to Ju n e (spring generation) and from S ep tem b er to D ecem ber (autum n generation) from 1, 10, 20, 30 to 60 days old, w ere used for th e experim ents. A dditional studies w ere m ade of voles 90 and 120 days old in respect of th e oxid atio n -red u ctio n ac tiv ity of th e ir organs. A to ta l of 456 in d iv id u a ls w ere used in the ex p erim en ts (256 from th e sp rin g g en eratio n and 198 fro m th e a u tu m n generation).
The an im als w ere anaesthetized w ith ether, a fte r w hich th e liver, kidneys and h e a rt w e re excised. T he organs w ere w ashed in d istilled w ater, d ried on filte r p a p e r and w eighed. F u rth e r p rep a ra tio n of th e organs for analysis depended on th e s tu d y m ethods.
The m ethod of in stru m e n ta l n e u tro n ac tiv a tio n an aly sis (IN A A ) w as chosen fo r ex am in in g th e contents of trace elem ents in th e organs, as it p erm itted of sim ultaneous id en tificatio n of up to 30-40 elem ents. T his m ethod is h ighly sensitive an d only req u ires p h y sic al ad a p ta tio n of sam ples to n eu tro n irra d ia tio n an d m easu rem en ts of induced rad io a ctiv ity , but does n o t re q u ire chem ical processing, w h ich lim its th e risk of con tam in atio n of th e sam ples (Jakutow icz, 1973). P re p a ra tio n of th e o rgan sam p les consisted in drying each organ a t a te m p e ra tu re of 105°C, w eighing th e dry m ass and then p u lv e risatio n and tritu ra tio n in an ag ate m o rta r. On account of th e larg e n u m b e r of sam ples and th e ex trem ely sm all w eig h t of som e of th e sam ples, p a rtic u la rly of th e organs of day-old voles, in d iv id u al id en tificatio n w as n o t ca rrie d out, b u t th e dry m ass of th e organs of all voles of u n ifo rm age w ere com bined -on the 1, 10, 20, 30 and 60 day of life of th e anim als, i.e. d u rin g th e perio d in w hich th e p ercentage of m in e ral su b stances increases in th e s tru c tu re of th e f a t-fre e body m ass of voles (Fedyk, 1974 p u lv erised d ry m ass of the d iffe ren t organs, obtaining an av erag e by m ixing th e com bined d ry m ass of organs w eighing from 10 to 250 mg, th e n placing th e m in p o ly th en e bags and subjecting them , to g eth er w ith sim ultaneously p rep ared q u a n tita tiv e m odels of th e elem ents, to rad ia tio n for a period of 105 hours in th e EWA n u c le a r rea cto r (Sw ierk) in a strea m of th e rm ic n eu tro n s (L-ShlO^n/cnr^s. T he irra d ia te d p acket of sam ples and m odels w ere cooled and ta k en fo r m e asu re m en ts a fte r a lapse of 20 to 60 days. T he n u clea r p ro p erties of th e id en tified n uclid es a re given in ta b le 1. A nalysis of th e g am m a-ray sp e ctru m w as ca rrie d o ut by m eans of a sem i-conductor d etec to r (Ge/Li). T he precision of d eterm in a tio n w as calcu lated as th e rad io m etric counting e rro r of th e n e t p eak are a. R esu lts of id e n tifica tio n s have been given in the form of co n cen tratio n s, i.e. pg/g dry m ass (ppm) and in th e form of contents (p.g) in th e to ta l m ean d ry m ass of one vole organ in th e d iffe ren t age groups. O x id atio n -red u ctio n ac tiv ity of th e organs w as d eterm in ed by th e ch em ilu m in escence m ethod (M alzahn, 1978) . W eak chem ilum inescence (CHL) of th e p yrogallol o xidation rea ctio n by hydrogen pero x id e w as used as a basis. A n ad d itio n of 0.1 ml of tissue hom ogenate w as m ade to this m odel rea ctio n of k n o w n course. The h om ogenate w as obtained by hom ogenizing w hole organs w ith th e ad d itio n of K re b s-R in g e r solution (pH 7.4), in p a rts of 0.5 m l of solution to each 100 m g of th e fre sh m ass of tissue. T he totalled n u m b er of im pulses o b tain ed fro m calcu latio n s of th e electron counter from th e tim e of ad d in g th e hom ogenate to th e m odel rea ctio n up to th e tim e th a t rea ctio n ended, w as tre a te d as th e oxid atio nred u c tio n activ ity of the given organ. The o x id a tio n -re d u ctio n ac tiv ity of vole organs w as d eterm ined in th e sam e age groups in w h ich o ccurrence of trac e elem ents h ad been exam ined, and also at the age of 90 an d 120 days, in o rd er to d e te rm in e w h eth e r th e ac tiv ity level of th e organs changes as th e anim als grow older.
In ex p e rim en ts in w hich o x id a tio n -red u ctio n ac tiv ity w as blocked, ad d itio n w as m ade to th e hom ogenates of w a te r solutions of KCN an d N aN 3 a t concen tra tio n s of 1X10-3 M and 1X 10~4M. T he add itio n of blocking substances to th e K re b s-R in g e r solution itself, in volum e id e n tic al to th a t of th e hom ogenate, did n o t cause changes in th e level of p hoton em ission of th e m odel reactio n . P ro tein s in th e hom ogenates w ere d e n a tu ra te d by keeping hom ogenates in boiling w ate r fo r 5 m in u tes before m easurem ent.
T he re su lts obtained w ere analyzed statistically , using th e S tu d en t t test, and v a ria n c e analysis w ith the new m u ltip le rang e test. C oefficients of co rrelatio n an d reg ressio n equation w ere calculated betw een o x id a tio n -re d u ctio n ac tiv ity and w eig h t of organs durin g th e p o stn a ta l developm ent of th e voles.
RESU LTS
D uring the period of the p o stnatal developm ent of the stu d y voles the absolute w eight and dry m ass of th eir organs increased (Table 2) . B oth generations of voles in the m ajo rity of the age groups failed to d iffer to a statistically significant e x te n t in respect of these organ indices.
T ab le 2 A bsolute org an w eights (mg) (a) and dry m ass (mg) (b) of voles of d iffe ren t g en e ratio n s durin g p o stn a ta l developm ent. N S = d iffe re n c e s betw een g en eratio n s n o t sign ifican t, S -differences betw een g eneratio n s sta tistica lly sig n ifican t w ith P > .0 1 (S tu d en t t test).
Age, S pring gen eratio n A u tu m n g en eratio n Diff. It was only th e d ry m ass of th e liver w hich increased m ore ra p id ly in voles of the a u tu m n g eneration th an in those of the spring generation, a t the age of 10 to 30 days, and th e d ry m ass of the kidneys in day-old voles was g reater in anim als from th e spring th an those of the au tu m n generation.
The INAA m ethod used p e rm itted of sim ultaneous identification in the vole organs in five age groups of 10 trace elem ents, of w hich 6 (iron, zinc, cobalt, selenium , antim ony and europium ) occurred in each sam ple, w hile 4 (chrom ium , m ercury, scandium and cerium ) could be identified and am ounts defined only in certain of the sam ples ( Table 3 ). The con-
Occurrence of Trace Elements in Organs
T able 3 C oncentration of tra c e elem ents (ppm) in organs of voles of d iffe ren t gen eratio n s during p o stn a ta l developm ent. S, spring g en eratio n ; A, a u tu m n generation. --* C oncentration w as less th a n show n in the table.
centrations of several of the elem ents in some of the sam ples w ere on the borderline of the sensitiveness of the m ethod, so th a t th ey could be defined only sem i-quantitatively, giving the threshold value.
3.1.1. C oncentration of T race E lem ents C oncentrations of elem ents reg u la rly occurring in the vole organs were subject to certain variations during the voles' postnatal developm ent. Elem ents varying only slightly included Zn and Co (differences 4-20 times), m edium degree of v ariab ility -Fe, Se and Sb (differences 120-280-times) and considerable v ariab ility -Eu (differences over 5700-times).
The only elem ent whose concentration increased in the organs of voles of both generations during postnatal developm ent was Fe. Voles of the spring generation differed distinctly from those of the au tu m n generation in respect of Fe concentration in th eir organs. As early as in day-old voles of the au tu m n generation th ere was 3-4 tim es g rea ter concentra tion of Fe in the liver and h eart, and 14 tim es g rea ter in kidneys, as com pared w ith voles of the spring generation. This difference was m ain tained in the liver and heart, b u t in the kidneys decreased to the level of differences in the other tissues up to the 60th day of life.
C oncentrations of Zn in the d ifferent organs w ere m ost sim ilar to each other w hen com pared w ith other elem ents. The g reatest variations in Zn concentration w ere found in vole kidneys. D ifferences betw een gene rations w ere sm aller th an in the case of Fe. D ay-old voles of the spring generation had far higher Zn concentrations (about tw ice higher) than voles of the autum n generation in the liver only. D uring postnatal developm ent Zn concentration noticeably decreased in the kidneys and h e a rt of the voles up to the 30th day of th eir lives, a fte r w hich there was no variation.
C oncentration of Co could be defined only sem i-q u an titativ ely in all the organs of spring generation voles. The course taken by variations in this param eter during postnatal developm ent was sim ilar in the liver and h eart, b u t differed from the other organs in the kidneys. A p a rti cu larly g reat difference betw een voles of the two generations in respect of Co concentration was found in the liver of day-old voles (about 20 tim es as m uch).
The m ost distinct differences betw een voles of d ifferen t generations in all age groups occurred in respect of. Se concentration. The organs of au tu m n generation voles contained a higher Se concentration than in those of the spring generation.
Sb concentration in vole organs during th eir postnatal developm ent Age, days 
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Age,days 1 to 20 days old and in the h e a rt of au tu m n generation voles in all age groups. C erium occurred in the organs of voles of d ifferen t generations from the 1st to the 20th day of the an im als' lives. C oncentrations of the m ajo rity of th e trace elem ents analyzed in organs of voles of the two generations w ere g reatest on the 1st or 10th day of the anim als' lives, a fte r w hich th ere was a m arked decrease in concentration up to the 20th day of life. V ariations in the concentration of elem ents in organs w ere g reatest in voles of the two generations at the age of from 10 to 30 days of life. D uring the last period of develop m ent analyzed, i.e. betw een the 30th and 60th day of the voles' lives, concentration of m ost of the elem ents increased in the liver and kidneys, and decreased in the heart.
The m ean concentrations of elem ents for the whole period of the voles' lives occurred in a sequence from the highest to the low est in d ifferent organs, d iffe re n tly for voles of the generations com pared. Thus in the organs of voles of the spring generation: Go, Se and Sb -h e a rt> > k id n e y s> liv e r, Eu -h e a rt^liv e r and kidneys, Zn -liv e r> k id n e y s> > h e a r t; in organs of the au tu m n generation voles: Zn, Se and Sbk id n e y s> h e a rt> liv e r, Co -k id n e y s> liv e r> h e a rt: Eu -liv e r> h e a rt> > k id n ey s; in organs of voles of both generations: Fe -liv e r> h e a rt> ^k id n e y s. M ean concentrations of these elem ents in the liver and kidneys w ere about from 1.5 to 9 tim es higher in au tu m n generation voles than those of the spring generation. Only Zn in the liver and kidneys and Eu in all organs occurred in g reater am ounts in the spring generation than in au tu m n generation voles.
C ontents of T race E lem ents
In the com pletely d ry m ass of vole organs th e contents of the m ajority of the elem ents usually increased together w ith increasing w eight of the dry m ass of organs during the postnatal developm ent of these anim als.
C ontinual increase was recorded for Fe, Zn and Co contents in voles of both generations and for Sb -in voles of the au tu m n generation for livers du rin g the course of th e anim als' developm ent. Se contents in the liver of voles of both generations decreased from the 1st to the 20th day of the anim als' lives, a fte r w hich it increased up to the 60th day. Sb contents in spring generation voles and Eu in voles for both gene rations, how ever, w ere subject to irre g u la r variations, w ith a m arked decrease in the contents of these elem ents in the liver of 30-and 60-day old voles. Elem ents in g reater am ounts in the liver of au tu m n generation voles th an in the liver of the spring generation in each group w ere Fe, Co, Se and Sb. Zn and Eu contents in the liver w ere higher in the m ajo rity of age groups of the spring generation voles th an in the autum n generations voles. 
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A g e , d a y s Fig. 3 . C ontents of tra c e elem ents in th e h e a rt of voles of d iffe re n t g en eratio n s durin g p o stn a ta l developm ent. E x p lan atio n see Fig. 1 .
dency is to increase in the first two or th ree age groups. C ontents of Fe, Co, Se and Sb w ere g reater in the kidneys of au tu m n generation voles th an the spring generation in each age group. Zn contents w ere higher only in kidneys of day-old voles of the spring than of the au tu m n generation, w hile in the other age groups Zn contents predom inated in the kidneys of the au tu m n generation voles. C ontents of one elem ent -Eu -w ere h igher in the kidneys of th e spring th an of the au tu m n generation voles of the whole period of developm ent. In day-old voles differences in contents of elem ents w ere sm aller betw een voles of the generations com pared th an in the case of the liver. A d u lt 60-day old voles of the au tu m n generation contained 3 tim es m ore Fe, 10 tim es m ore Co, 7 timejs m ore Se and 4 tim es m ore Sb, the same am ount of Zn and about 13 tim es less Eu in the kidneys th an voles of the spring generation.
A continual increase in Fe, Zn, Co, Se and Sb contents was found in the hearts of voles (Fig. 3) in the au tu m n generation. In the hearts of spring generation voles Fe, Se, Sb and Eu contents decreased betw een the 1st and 10th day of the anim als' lives, increased from th e 10th to the 30th day, a fte r w hich they becam e stabilized or decreased betw een the 30th and 60th day of life. In this generation only Zn contents in the h e a rt continually increased w ith increasing age of the anim als. In day-old voles the contents of the m a jo rity of elem ents in the h e a rt are only slig h tly higher in au tu m n th an in spring generation voles (with the exception of Eu). In 60-day old voles of the a u tu m n generation the kidneys contain 4 tim es m ore Fe and Se, tw ice m ore Sb, 6 tim es more Co, sim ilar am ounts of Zn and 10 tim es less Eu th an in voles of the spring generation.
W hen differences betw een contents of elem ents in the organs of voles of the generations com pared are considered it can be seen th a t decidedly higher Fe, Co and Sb contents occurred in new born voles, and lower contents of Eu and Zn in voles of the au tu m n th an of the spring gene ration. The g reatest differences in contents of elem ents occurred in the liver of day-old voles of the generations com pared. A dult voles are cha racterized by distinctly hig h er Fe, Co, Se and Sb contents, sim ilar Zn contents and m arkedly low er Eu contents in all organs of voles of the au tu m n generation than of the spring generation. M ean contents of constantly occurring elem ents calculated for all voles, w ith o u t division into age groups and generations, w ere highest in the liver, low er in the kidneys and low est in the h eart, w ith the exception of Eu, the contents of w hich w ere low est in kidneys (Fig. 4). 
Oxidation-reduction A ctivity of the Organs
The oxidation-reduction a ctiv ity of d ifferen t vole organs decreased to a d ifferen t degree w ith increasing age of the anim als ( Table 4) . The level and degree of decrease in this activ ity was characteristic of the organ and depended on the season in w hich th e voles w ere born. Each organ of the voles during th eir postnatal developm ent had three levels of activity. D ay-old voles exhibited m axim um activ ity in the liv er (CHL 14-16 tim es g re a te r in com parison w ith CHL of the m odel reaction). This h ig h level of ac tiv ity is m aintained, w ith only a slight decrease, up to th e 10th day of the voles' lives. A m edium level of a c tiv ity was c h a ra c te r istic of the liver of 20-and 30-day old voles (CHL 3 tim es g reater).
The activ ity of the liver in voles from 60 to 120 days old rem ained on a low level (CHL about 1.5 tim es greater). The average level of ac tiv ity of the liver was 15-20°/o, and low level only 6-10% of the oxidationreduction activ ity of the liver on a high level.
O xidation-reduction activity of the kidneys of day-old voles w as higher th an the activity of the liver in voles of the sam e age, and only then was on a high level (CHL 28-32 tim es g rea ter in com parison w ith the CHL of the m odel reaction). By the 10th day the activ ity of kidneys had reached the average level (CHL 7-8 tim es greater), w hile the a c ti v ity of kidneys in voles from 20 to 60 days old was on a low level (CHL 1.6-2 tim es greater). In voles from 90 to 120 days old the a ctiv ity of the kidneys decreased fu rth e r (spring generation) or failed to change (autum n generation). The average level of oxidation-reduction activ ity in the kidneys was 24% and low -level 5-6% of th e activ ity of kidneys on a high level.
The oxidation-reduction activ ity of the h e a rt in voles was greatest in all age groups in com parison w ith the other organs, and was cha racterized by the least variations during the p o stnatal developm ent of the voles. A high level of activity of the h e a rt w as found in voles on the 10th day of life (CHL 56-59 tim es g reater th a n the CHL of the m odel reaction). D ay-old and 20-day old voles, how ever, had an average level of activ ity of the h e a rt (CHL 45-55 tim es greater). The activity of the h e a rt in voles over 20 days old was on a low level (CHL 30-40 times g reater), and this level continued to decrease in voles of the spring generation up to the 120th day of the anim als' lives. M ean level of oxi dation-reduction activity of the h eart in voles form s 80-88%, and low level -50-70%, of the activ ity of the h e a rt on a high level.
A lthough in all the organs exam ined during the course of postnatal developm ent oxidation-reduction activ ity was on a high level in the younger voles, and a t a late r age, on a m edium and low level, each of the organs had a different, characteristic course of variations during the voles' developm ent. The establishm ent of activity of the organs on a de fined low level, low est in the liver and highest in the h eart, occurred at d ifferen t ages of these anim als. K idneys a ttain ed this level earliest, on the 20th day of life of the voles, and the liver latest, on the 60th day of life, sim ilarly in voles of the two generations. The h eart, how ever, reached a low level as from the 30th day of life, b u t only in voles of the au tu m n generation. In voles of the spring generation th ere was no stabilization of the activ ity of th e h e a rt on a low level. R eduction in the level of activ ity of organs from a high to m edium level w as lesser in voles of the spring th an of the au tu m n generation. R eduction of the a c tiv ity of all organs from a high to a low level was lesser in voles of the au tu m n th a n of the spring generation. A ctivity of the organs becam e stabilized on a low er level in voles of the spring th a n of the a u tu m n generation.
A g e , d a y s The course tak e n by changes in the activ ity of vole organs during po stn atal developm ent was sim ilar in voles of both generations, b u t a d ifferen t degree of activity of the organs was found in d iffe re n t periods of developm ent, depending on the season during w hich the anim als had been born (Fig. 5) . In day old voles all organs d iffered to a sta tistic a lly significant degree -g rea ter activity was characteristic of voles of the spring generation as com pared w ith those of the au tu m n generation. Such differen tiatio n was m aintain ed in the various organs th rough d ifferen t periods of the voles' lives, then becam e balanced, a fter w hich, as from the 60th day, the activ ity of the h eart, and from the 90th d ay of the voles' life also the activity of the rem aining organs, was sta tistic a lly significantly h igher in au tu m n th an in spring voles. gative correlation was found betw een these two indexes in voles of both generations for the whole study period of postn atal developm ent (Fig. 6) . Coefficients of correlation in the liver and kidneys of voles of th e two generations w ere not found to differ w hen com pared, b u t differences occurred in respect of the heart: th e coefficient of correlation in the h e a rt of spring voles was higher th an in the a u tu m n generation voles. Taking into account the activity levels of organs the whole stu d y period of the voles' po stn atal developm ent was divided into p a rt-p erio d s in v/hich a d ifferen t correlation of these two indexes occurred in the o r gans. The highest during the stu d y period was the negative correlation betw een w eight and activity of the liver and kidneys in voles from 1 to 20 days old, and of the h e a rt in voles from 10 to 30 days old, in both generations. No significant correlation was found betw een w eight and activity of organs in voles of th e au tu m n generation from 30 to 120 days old (liver and heart), or even from the 20th day of th eir lives (kidneys).
In voles of the spring generation d uring the sam e period of developm ent th ere was a negative correlation betw een w eight and oxidation-reduction activ ity of all the organs exam ined.
Inactiv atio n of O rgan H om ogenates
In order to obtain a g reater am ount of inform ation as to the p a rti cipation of elem ents in oxidation-reduction activity, chem ical and th e r m al inactivation was applied to enzym es contained in hom ogenates of vole organs (Table 5 ). Voles w ere chosen for the experim ents for the T able 5 C hem ical and th e rm a l in activ atio n of ox id atio n -red u ctio n ac tiv ity (th o u san d im pulses) of organs of 20-day old voles.
In ac tiv atio n L iver A ctivity % organs of w hich a m edium level of oxidation-reduction activ ity h ad been found (20 days old). The addition of substances blocking ox id atio n -re duction enzym es K CN and NaN3, in each case altered the course of the catalyzed reaction and the activ ity values of organs in relatio n to the control reaction, w hich was the reaction w ith the in tact hom ogenate Both chem ical substances inactivating oxidation-reduction enzymes exhibited m axim um action on hom ogenates of kidneys, and least or. h e a rt hom ogenates. KCN increased the activity of the liver and kidneys to a g rea ter degree a t a concentration of 1X 10-3M, and N aN 3 at a con c entration of 1X 10~4M. The effect of the two chem ical substances on h e a rt a ctiv ity was sim ilar, irrespective of th eir concentration. Chem ical inactivation, like th erm al inactivation, does not cause re duction in photon em ission of chem ilum inescence reaction, bu t changes and prolongs in tim e the course of the reaction, w hich leads to an in crease in the oxidation-reduction activity value of th e hom ogenates. Chem ical inactivation increases the activity of th e liver by 6 to 40 tim es as m uch, and th erm al inactivation by 80 tim es as m uch, th a t is, tw ice g rea ter th a n chem ical inactivation. Inactivation acts sim i larly, b u t to a g rea ter degree, on kidney hom ogenates. Chem ical inacti vation increases the activ ity of kidneys by 8 to 62 tim es as m uch, and th erm al inactivation by 127 tim es as m uch. The oxidation-reduction activ ity of the h e a rt is sim ilar a fte r chem ical and th erm al inactivation in each case, being increased by approxim ately twice as m uch in re lation to the control reaction.
DISCUSSION
Measurement Method
The m ethod chosen for exam ining trace elem ent contents in vole organs m ade it possible to id entify 10 elem ents very exactly, including those elem ents w hich are ra re ly included in studies, on account of their e x trem ely sm all am ounts in biological m aterial. The close sim ilarity of identification of som e elem ents by the m ethods of atom ic absorption spectroscopy and INAA (T urkstra et al., 1977) justifies the assum ption th a t the resu lts obtained by d ifferen t research w orkers w ill be com par able, despite the use of d ifferen t m ethods. Considerable discrepancies have, how ever, been found so far in litera tu re , arising from differences in the stu d y biological m aterial and probably also from difference in m ethods. On this account the resu lts obtained in this paper should be tre a te d as com parative only. The m ate ria l collected cannot supply an answ er as to w h eth er the values obtained for concentrations of elem ents in vole organs are characteristic of the whole species, or only of its local populations. The fact, how ever, th a t the studies w ere carried out on anim als obtained from one of the areas least polluted by m an in Poland justifies th e concentrations of elem ents obtained being tre a te d as a zero index for this species of m am m al, w hich m ay act as a reliab le indicator of environm ent changes.
V ariations in individual contents of elem ents in the vole organs have not been estim ated in this paper, b u t the concentrations determ ined, although form ing m ean values for over ten individuals of uniform age, differ to so g rea t a degree, depending on the age of the voles and the season of th eir birth , th a t they m ay be considered to give a clear picture of changes in th e contents of trace elem ents in th e organs of voles d uring th eir postnatal developm ent. O xidation-reduction a ctiv ity was m easured sep arately for each individual. The coefficients of variation of this index are sim ilar to each other (S. D. = 10-20).
R esults of blocking oxidation-reduction enzymes in tissue hom ogenates and th erm al inactivation of the hom ogenates' a ctiv ity drew a tte n tion to the p articipation of inorganic substances in m aintenance of a gi ven level of oxidation-reduction activ ity in vole organs. The sim ilarity of variations in the activty of the organs and of the concentrations in them of trace elem ents during the first m onth of the voles' lives sug gests th a t these two, ap p aren tly distant, indices are closely connected. This connection is d ifferent in differen t organs and applies to varying degrees to the elem ents exam ined, each of w hich perform s a differen t role in the organism and is involved to a differen t degree in the oxi dation-reduction processes taking place in the organs during th e anim als' po stn atal developm ent.
Description of Postnatal Development
There are few data in lite ra tu re on variations in the concentration of differen t elem ents in anim al organs during th eir developm ent. The level of elem ents in organic fluids and tissues depends on a very great num ber of factors, am ong w hich is the anim al's age. In the hum an o r ganism Cr contents grad u ally decreases w ith age (Tipton & Cook, 1961), w hile Co level rem ains unchanged. In addition the m ajo rity of elem ents m ay be subject to accum ulation in parenchym atous organs (liver, kid neys).
Allowing for inequalities in the postnatal developm ent of sm all m am m als (Pearson, 1962) , m axim um concentrations of elem ents in the or gans is observed to occur during the first, slow er grow th phase of voles (1-10 days). In the subsequent phase of accelerated gro w th (10-30 days) m axim um differentiation and variations in concentration of ele m ents w ere found in the vole organs. The m axim um concentrations of elem ents in vole organs a fter b irth suggest th a t these elem ents m ust have accum ulated during the p ren atal period of the developm ent of young voles. The m ajo rity of the trace elem ents exam ined are know n to move about in the organism and easily p en etrate th ro u g h the p la centa to the em bryo (see Underwood, 1962 ). The energy req u irem e n ts of the gestating fem ale increase by only 24%, bu t voles are born fairly im m ature. D uring the lactation period, w hen the nursing fem ales are found to have an alm ost double increase in food requirem ents (Kacz m arski, 1966), the w eight of the young organs increases very rap id ly , bu t concentrations of elem ents do not increase. W hen the concentrations of the m ajo rity of elem ents (Fe, Zn, Co, Se, Eu, Cr) in th e organs of voles on the day of th eir b irth are tre a te d as a kind of pool accessible to the foetus during the p ren atal period, it can be said th a t d uring the nest period this pool decreases to varying degrees. D uring the p e r iod of accelerated grow th in w hich the w eight of the d ry m ass of the organs increases m ost rapidly, b u t the energetic efficiency of tissues is from 3 to 5 tim es low er th an during th e period betw een the firs t and te n th day of life (Gębczyński, 1975) , th e concentration of elem ents in the organs, p a rtic u la rly in the kidneys, becomes g rea tly reduced. Even the contents of elem ents in the whole d ry m ass of the organs of some voles decrease during this period. Such variation can be clearly seen am ong th e elem ents allocated to the group of sporadic elem ents, w hich w ere identified m ainly in voles from 1 to 20 days old. A fter th e 20th day, w hen the young voles begin to feed on n a tu ra l food, the concen tratio n of the m ajo rity of elem ents e ith er increases or becom es stabilized.
Changes in body size of the voles are accom panied by ra p id develop m ent of the physiological functions, w hich resu lts in young voles, to w ards the end of the first m o n th of life, having sim ilar or identical physiological indices as those of ad u lt individuals. G eneral m etabolic level is low est in voles, as it is in m an y other species of sm all m am m als, during the initial period of life, b u t the am ount of energy deposited from assim ilated energy is greatest a t th a t tim e (up to 60% ) G ębczyń-ski, 1975). Such high m etabolic activ ity is reflected in the oxidation-reduction activ ity of the' voles' organs, w hich decreases w ith age in a si m ilar w ay to changes in deposited energy. In voles over 20 days old oxidation-reduction activity of the liver and kidneys form s only from 5-10% of the activ ity of organs in new born voles, w hereas the am ount of deposited energy does not exceed 5% of assim ilated energy.
One organ deserves p a rticu la r atte n tio n -the heart, the oxidationreduction activ ity of w hich increases significantly a fte r b irth in all voles and reaches a m axim um on the te n th day of life, a fte r w hich it decreases in successive age groups of these anim als. This type of va riatio n is connected w ith the form ation of therm oregulation m echanism s. The body tem p e ra tu re of the vole reaches the level proper to ad u lt , in dividuals (37-39°C) and becomes stabilized about the eighteenth day of the anim als' life (Gçbczynski, 1975) . The very high activity of the h e a rt of voles about the te n th day of life, th a t is, during the period w hen the voles m u st produce large am ounts of heat, w hich is, how ever, lost m ore rap id ly th a n in the case of older individuals, is understandable. The only sm all variations in the level of activ ity in com parison w ith other organs can also be observed during chem ical and th erm al inacti vation of h e a rt hom ogenates. This is the organ w ith m axim um oxidationreduction activity, subject to slight variations only un d er the effect of differen t e x te rn al factors.
The negative correlation betw een the w eight of the organs and their oxidation-reduction activ ity in voles over a m onth old was observed to become less close. A tten tio n was given to the course of variations in correlation connections betw een d ifferent m orphological indices of or gans in sm all m am m als, on account of th eir p a rt in the com plicated pro cess of the anim als' grow th and developm ent (Jem ielianov, 1976) . In all early stages of developm ent of the anim al the correlation betw een d ifferen t indexes is d istinct and n a tu ra l selection favours the survival of individuals w ith stro n g ly m arked correlation connections, b u t later these connections usually become less close. This is of p a rticu la r im por tance in relation to all kinds of changes in living conditions w hich m ake it necessary for the organism to a lte r the m etabolic level, e.g. during the period of sex u al m atu ratio n . This reduction in correlation con nections m ay precede physiological adju stm en t, w hich should take place w ithin a sh o rt tim e and involves the anim als in only sm all energy losses.
Generation Differentiation
In respect of concentration and contents of trace elem ents in the organs of voles of the generations com pared it is possible to distinguish tw o types of elem ents. The first type includes Fe, Co, Se and Sb, m ore of w hich are contained in the organs of the au tu m n voles th an in those of spring voles, in each age group. The second type includes Eu and, to a lesser degree, Zn, m ore of w hich is present in the organs of spring voles th an au tu m n voles.
A very considerable am ount of inform ation has been collected on the p a rt played in the organism by type I elem ents -Fe, Co and Se. Their p articipation in a large num ber of enzym es such as hem o-and flavo proteins, cobalim in, selenoenzym e-g lu thathione peroxidase, form s evi dence of th eir active participation in oxidation-reduction processes. The role of Fe, Co and Se in norm al functioning of ery th ro cy tes, and in action in cells for protection from the toxic products of oxidation acti vity, is well known. A g reater p a rt of these bio-elem ents in the organs m a y point to the g reater capacity for ad ap tatio n of the organism in Am ong type II trace elem ents the effect of Zn on the organism is know n as th a t of an elem ent essential to h ealth and grow th in anim als, and is p a rtic u la rly connected w ith som atic grow th, skin keratinization, osteogenesis, and also w ith the developm ent and functions of the seminal glands in m am m als (Underwood, 1962) . This last role of Zn suggests th a t this elem ent is connected w ith the m ore rap id sexual developm ent and g reater fecundity of spring generation voles as com pared w ith those of the au tu m n generation (inter alia, Z ejda, 1971). It was observed that w hen pure Zn was adm inistered in com bination w ith Fe to hu m an pa tients, acceleration of ra te of grow th and sexual developm ent took place (Davies, 1977) . The fact is rem arkable th a t Zn increases the effect of the an tid iu retic horm one, which leads to w ater being re ta in e d in the tissues and reduction of the proportion of d ry m ass in such tissues (So roka & Anisim ova, 1974).
L ittle is know n so far about the role in the organism of Eu, which is characterized by the greatest variations in concentration in vole or gans. As an elem ent of rare soils, to w hich Ce also belongs, it exhibits only a slight tendency to form ation of com plex com pounds and thus does not occur in biologically active organic com pounds in living or ganism s. Possibly Eu and Ce, like several other lanthanides, play an im p o rtan t p a rt in calcium and sodium m etabolism in the organism (Alnaes & R aham im off, 1974), accelerating the conduction of nerve im pulses (M etral et al., 1978) . Eu concentrations in m itochondria and nu clein acids, obtained from diverse biological m aterial, do not differ from each other, like Sb concentrations (G irardi et al., 1977) . Ce is considered as an elem ent toxic to m an, acting unfavourably on m etabolic processes (D' Agostino et al., 1976) . At this stage of our know ledge of the p a rt played by the above elem ents in the organism it is as yet im possible to account for such g reat differences in the concentration of lanthanides in the organs of voles from the two stu d y generations.
The role of Sc in the organism is also unknow n, a p a rt from finding it to occur in the kidneys and h e a rt of w hite rats (Kostic et al., 1977) , and in the livers of w ild ungulates (T urkstra et al., 1977) . In the bank vole it was also found to occur in the kidneys and heart; in concen trations g rea ter in the organs of autum n generation voles th a n those of the spring generation (type I). A nother elem ent found sporadically, Cr (type II) occurs in kidneys in concentrations g rea ter in spring than in au tu m n generation voles, and decreases w ith age. Chrom ium occurs in large am ounts in RNA (W arren et al., 1959) and plays an im portant p a rt in the m etabolism of glucose, certain proteins and fats (H orvath, 1972) . Hg, on the oth er hand, is not a com ponent essential to norm al functioning of the organism and causes disturbance of m etabolic pro cesses. The contents of this m etal in anim al organs, p articu la rly in the liver and kidneys, indicates the level of environm ent pollution by m ercury.
The resu lts obtained do not p erm it of analyzing the effect of the voles' food on concentrations of trace elem ents in th eir organs, since the voles exam ined did not differ in respect of q u ality and q u a n tity of food to the sam e degree as voles living un d er n a tu ra l conditions (G^b-czynska, 1976) . O nly the p a ren tal generation of the stu d y voles had fed on n a tu ra l food in the area, w hich m ay have affected accum ulation of trace elem ents in the organs of young voles even during the prenatal period of th e ir developm ent.
C haracteristic and v ery distinct differences occur in the variations in oxidation-reduction activ ity of organs in the voles of the generations com pared d uring postnatal developm ent. S pring voles have g rea ter acti v ity in the organs a fte r b irth , b u t are characterized by the quicker rate at which th ey a tta in the activ ity level of the organs proper to adult individuals, th an is the case w ith au tu m n voles. This suggests th a t in voles there are extrem e generations of seasonal differences in the phy siological age of the anim als of th e same calendar age. Such differences have been found previously in respect of contents of the basic compo nents of the voles' body, w hen individuals born in spring had a different chem ical body com position as e a rly as the day of th eir b irth, from th a t of young voles born in autum n (Fedyk, 1974) . Chem ical m atu rity , th at is, stabilization of the level of percentages of w ater, p rotein and m ineral substances in the fat-free body mass of the organism , was a tta in e d by spring voles at the age of 35-40 days, b u t not u n til the age of 110-120 days in the case of au tu m n generation voles. Tissue m etabolism also (G^bczynski, 1977) Seasonal generations of the bank vole play an im p o rtan t p a rt in m aintenance of the biological continuity of the species (Petrusew icz et al., 1969/70). In a n a tu ra l population of anim als it is possible to ob serve the m echanism of regulation of the ageing process. The physio logical grow th and developm ent of spring generation voles is correlated w ith th eir calendar age. The physiological grow th of au tu m n generation voles in separate periods of the life cycle does not correspond to the chronolo'gical increase in age. In such voles, th ere is reduction in basic m etabolism and the developm ent of age changes is inhibited p arallel to a change in h a b ita t conditions, such as a drop in tem p e ra tu re or a change in n a tu ra l food. The wide range of the ra p id ity w ith w hich the ageing process takes place in differen t individuals of the bank vole suggests th a t this process can be regulated.
